Abstract There is no current consensus regarding routine screening of high-risk asymptomatic trauma patients for venous thromboembolism (VTE). VTE refers to the presence of deep vein thrombosis (DVT) and/or pulmonary embolism (PE). Practices among surgeons related to screening for VTE in asymptomatic patients may vary significantly. Supporters of routine screening see benefit in performing a relatively inexpensive and noninvasive test (Duplex ultrasonography), in order to diagnose and treat asymptomatic DVT before it progresses to symptomatic or fatal PE. Others suggest that increased medical testing and treatment of asymptomatic VTE incurs not only the risk associated with anticoagulation treatment, but also unnecessary costs. Surveillance bias ("the more you look, the more you find") in VTE outcome reporting is perhaps an unintended consequence of varying screening practices. Studies have clearly shown that increasing screening is associated with increasing rates of VTE diagnosis, primarily in trauma patients. This poses significant concern because lower incidence of VTE is considered a marker for higher quality health care. National bodies, including the Centers for Medicare and Medicaid Services, impose financial penalties when some hospitalized patients develop VTE. Furthermore, healthcare consumers may use VTE outcomes data to make decisions about where to seek higher quality care. Since the incidence of VTE is related to screening practices, providers who screen more aggressively by performing more Duplex ultrasounds on asymptomatic patients may identify more cases of VTE and will appear, paradoxically, to provide lower quality care than providers who do not screen or order fewer screening tests. For this reason, some experts argue that the standard of patient safety and quality care should not only focus on the incidence of VTE alone (outcome measure) but should also consider how frequently patients are prescribed and administered VTE prophylaxis according to best-practice guidelines (process measure). A pure process measure approach or combined process and outcome measure may be more effective to identify higher quality care and to ultimately mitigate preventable harm related to VTE.
Introduction
Deep vein thrombosis (DVT), pulmonary embolism (PE), or the presence of both, are referred to as venous thromboembolism (VTE). Over 100,000 people will die from VTE in the USA each year, and national expenditures for this disease may be as high as US$10 billion [1, 2•] . DVT is almost exclusively diagnosed with Duplex ultrasonography and PE is most commonly diagnosed with multiple-detector contrast-enhanced computed tomography (CT) angiography. Anticoagulation remains the mainstay of treatment for VTE to prevent recurrence and associated sequelae. Prophylaxis guidelines, diagnosis approaches, and treatment algorithms for VTE are widely published elsewhere [3••, 4••, 5, 6] . This report will use the VTE example to demonstrate how variations in screening practices may lead to surveillance bias in outcome reporting. For this reason, outcome measures alone may not be the best benchmark for higher quality care. The VTE example will also provide opportunity to review the argument for linking outcome measures and process measures as a more acceptable definition of potentially preventable harm and ultimately a more impactful metric for patient safety and quality health care.
A Case Example for Patient Safety and Healthcare Quality
VTE has garnered much attention as a public health and patient safety problem. The US Surgeon General recognized VTE as Ba major public health problem^and issued "A Call to Action to Prevent Deep Vein Thrombosis and Pulmonary Embolism" in 2008 [1] . US Congress has designated March as DVT Awareness Month to help educate the public about the symptoms of this common disease [7] . The Agency for Healthcare Research and Quality (AHRQ) has called VTE prophylaxis Bthe number one patient safety practice^to prevent in-hospital death [8, 9, 10••] . Most recently, AHRQ has placed BStrategies to increase appropriate prophylaxis for VTE^on the list of top 10 BStrongly Encouraged Patient Safety Practices^ [11•, 12••] . Collectively, this national attention has allowed VTE prevention to emerge as an important case example in patient safety and healthcare quality improvement. More specifically, the VTE example highlights how variation in VTE screening practice alone clearly accounts for differences in VTE incidence among different hospitals. The incidence of VTE is more likely a function of surveillance bias than an indicator of the true quality of health care. Other measures, such as adherence to risk-appropriate VTE prophylaxis guidelines, alone or in combination with VTE incidence, may provide a more accurate measure of healthcare quality.
Screening in Asymptomatic Patients
Although evidence-based guidelines for VTE prophylaxis in injured patients are widely available and accepted, there is no current consensus regarding routine screening of high-risk asymptomatic patients for VTE [ [5] . Practices among surgeons related to screening for VTE in asymptomatic patients may vary significantly, and the practice is often debated [13••] . However, the clinical importance of asymptomatic DVT detected by routine screening remains unclear. Some older studies have found routine VTE screening of high-risk asymptomatic trauma patients clinically beneficial [14] [15] [16] [17] [18] . Recently, another group has shown that routine surveillance and early management of DVT may decrease rates of PE in trauma patients [19••] . Given the high incidence of asymptomatic VTE in the trauma population, even with appropriate prophylaxis, some argue that screening in these patients is warranted to diagnose and treat asymptomatic DVT before it progresses to symptomatic or fatal PE. Screening ultrasound has been shown to be a cost-effective method to prevent PE in certain high-risk trauma patients [20] . Others suggest that in the presence of appropriate VTE prophylaxis, routine surveillance is not effective at preventing clinically relevant VTE and therefore the increased cost of medical testing is not warranted [21] [22] [23] [24] . Furthermore, treatment of asymptomatic DVT (which may never have come to clinical attention otherwise) incurs the risks associated with anticoagulation treatment.
While much of the debate in the trauma literature has surrounded practices related to Duplex ultrasound screening for DVT, recommendations related to screening for PE also exist. The Choosing Wisely campaign from the American Board of Internal Medicine aims to decrease unnecessary healthcare expenditures and improve patient care [25] . The ACCP, in conjunction with the American Thoracic Society, has encouraged providers to Bchoose wisely^when ordering CT angiography to screen for PE. They caution: BDo not perform chest CT angiography to evaluate for possible pulmonary embolism in patients with low clinical probability and negative results of a highly sensitive D-dimer assay^ [26••] . D-dimer assay is commonly used in emergency department patients and outpatients to rule out VTE due to its high sensitivity. A negative D-dimer test can help rule out the diagnosis, but a positive test is certainly not confirmatory for VTE, especially in hospitalized surgical patients with other reasons for elevated D-dimer levels such as trauma, malignancy, infection, and the postoperative state.
There is little or no argument for routine screening for PE using CT angiography given the associated risks (including radiation as well as anaphylaxis and kidney injury from contrast dye) and costs. However, many symptoms of PE are nonspecific (tachycardia, hypoxia, etc.) and variations in frequency of diagnostic CT angiography may exist, which can lead to a similar surveillance bias as seen in Duplex ultrasonography for DVT screening. Furthermore, current multi-detector CT technology is more advanced than earlier CT models, and this imaging modality allows for increased visualization and increased diagnosis of isolated subsegmental PEs [27•] . Little is known about the clinical significance of these types of PE events, and the prognosis is uncertain. A substantial proportion of patients with isolated sub-segmental PE (>50 %) are treated with anticoagulation, and life-threatening bleeding is not a rare complication of treatment [27•] . A recent Cochrane review examined this issue and concluded that the best treatment approach (anticoagulation versus no treatment) for isolated sub-segmental PE remains unclear [28•] .
Surveillance Bias
Surveillance bias (Bthe more you look, the more you find^ [29] ) is a common concern when screening asymptomatic patients for VTE and reporting outcomes. A nonrandom type of information bias, surveillance bias (also known as detection bias or ascertainment bias) occurs when patients are followed up more closely or have more screening or diagnostic tests performed than others [30] . This often leads to an outcome diagnosed more frequently in the group with closer follow-up or more frequent tests. Validation for outcome measures has focused on strict definitions for "numerators" to clearly identify cases and for "denominators" to identify those patients at risk [31] . Less attention has focused on standard surveillance practices to identify events within the population at risk. As such, surveillance bias remains a source of error in currently reported outcome measures.
Studies, primarily in trauma patients, have clearly shown that increasing screening is associated with increasing rates of VTE [29, 32••, 33, 34] . One trauma center showed that implementation of a routine DVT screening guideline was associated with a fourfold increase in Duplex ultrasonography and a tenfold increase in rates of DVT [33] . An analysis using the National Trauma Data Bank (NTDB) demonstrated that hospitals in the highest quartile for use of vascular ultrasonography had a sevenfold higher rate of DVT [29] . Even when controlling for patient risk factors, patients treated at hospitals that perform more Duplex ultrasounds are more likely to have a DVT reported [34] . This phenomenon has been well documented in trauma populations, but a recent sample of nearly 1 million Medicare patients undergoing a wide range of surgical procedures has also shown higher hospital rates of VTE at hospitals with higher rates of VTE imaging [35••] .
Surveillance bias is not exclusive to VTE and has long been recognized as a source of bias in analytic research [30] . Other publicly reported outcomes including rates of central line-associated bloodstream infections have also been shown to be subject to surveillance bias [36] . Imaging surveillance for tumor recurrence in oncology patients represents another example where closer follow-up or more frequent tests may result in more diagnoses [37] .
Surveillance bias may lead to a number of consequences including potential harm to patients. If clinicians are unable to accurately measure quality improvement in their institution, interventions to improve patient safety may be misdirected. Since national and regional bodies recognize low incidence of VTE as a marker of quality, and in some instances impose financial penalties when a patient develops VTE, there may be an incentive for clinicians to avoid screening and diagnostic imaging to diagnose VTE. If you only see what you look for, then you will not see what you do not look for: BNo screening, no DVT, no punishment,^as summarized in a comment by Alam and Velmahos [29] . In the absence of specific performance measures mandating VTE screening across hospitals, VTE incidence remains a biased measurement since hospitals that less commonly screen patients for VTE are going to identify fewer VTE events regardless of associated healthcare quality. Hospital performance becomes a function of how closely or thoroughly providers look for VTE as opposed to the true quality of care provided to patients [32••] .
Public Reporting of Outcome Measures
Public reporting of outcomes is increasingly common in healthcare settings. Clinicians and policy makers examine postoperative outcomes such as in-hospital mortality or complication rates to measure institutional performance, quality of care, and patient safety. When valid, these outcomes can be helpful to healthcare consumers, providers, regulators, insurers, and other groups who wish to discern between higher-and lower-performing institutions. There is also a trend toward aligning reimbursement for health care with the quality of care (pay-for-performance). These initiatives often operate on the premise that lower rates of certain complications or undesirable outcomes equate to higher quality care. However, the metrics used to report outcomes may not always accurately reflect the quality of care.
While there is broad support for measuring outcomes, the measurements must be accurate and based on evidence-based clinical research. For example, some groups, including the Centers for Medicare and Medicaid Services, consider VTE a Bnever event^in certain patient groups and impose financial penalties when these hospitalized patients develop VTE [38] . This raises concern because incidence of VTE alone may not be an accurate measure of healthcare quality when many of these VTE events are truly not preventable. One recent series demonstrates that nearly half of in-hospital VTE events are not preventable, occurring in patients for whom current best-practice prophylaxis was appropriately administered [39••] . VTE prevention is effective, but the event rate cannot be zero without undue risk of bleeding and other complications [40•] .
Incidence of VTE is subject to surveillance bias as previously discussed. Those developing and reviewing outcome measures for public reporting must ensure that methods and expectations for surveillance are made explicit to clinicians. Clinical guidelines are necessary to standardize frequency and modalities for screening if outcomes subject to surveillance bias, such as VTE incidence, are to be used as a performance measure. The cost of routine screening must also be considered, and the responsible payer determined, since many screening tests are not otherwise part of usual clinical care. The benefits of measuring certain outcome measures may not be worth the costs of accurately measuring that outcome through implementation of standard screening.
Linking Outcome Measures and Process Measures
One approach to performance measures could link a process of care with adverse outcomes when defining the incidence of preventable harm [41] . This may be of particular help when evaluating outcome measures where routine screening for events within the population at risk is too costly or risky. Some experts suggest that the benchmark for quality care should not focus on the outcome measure alone (such as incidence of VTE), without considering process measures (such as how frequently patients are prescribed and administered VTE prophylaxis according to best-practice guidelines) [ Adherence to risk-appropriate VTE prophylaxis guidelines, alone or in combination with VTE incidence, may provide a more accurate measure of excellent care since this more closely estimates the true rate of preventable harm. This approach may be of help in situations where many (but not all) events are preventable and where process measures are linked to outcome measures with clear clinical evidence. This is also an intuitive approach for clinicians: to improve an outcome measure, process measures within the system of care related to the outcome of interest must be identified and addressed individually to affect improvement.
Process Measures Within the System of Care
VTE provides an important example where process measures are useful, alone or in combination with outcome measures, to determine accurate hospital performance and to improve quality of care. Evidence-based guidelines for VTE prophylaxis are available and quite effective [3••, 4••, 5, 6] . However, despite wide dissemination of these guidelines, VTE prophylaxis is commonly underutilized. One study included over 68, 000 hospitalized patients at risk for VTE in 32 countries and determined that only 59 % of surgical patients and 40 % percent of medical patients received guideline-recommended VTE prophylaxis [45] . Another study demonstrated that only 42 % of US patients diagnosed with DVT during hospitalization had received VTE prophylaxis [46] . Quality improvement efforts may be more impactful if they focus on improving the system of care and the component process measures responsible for the prevention of VTE. For example, risk-appropriate VTE prophylaxis is a process including assessment and prescription by a provider, administration by a nurse, and acceptance by the patient. Active strategies, including a reminder to providers to prescribe risk-appropriate VTE prophylaxis for every patient as part of a standard electronic order set, are more likely to improve outcomes than passive dissemination of guidelines [ [51] . Attempts to engage patients in shared decision making may be fruitful to improve VTE prophylaxis nonadministration [52] . A cohesive approach to quality improvement with respect to VTE prevention may be more impactful if component process measures within the system of care are recognized and addressed individually.
Conclusion
Analysis of the current literature supports the presence of surveillance bias in currently reported outcomes related to VTE incidence: the more screening you do, the more VTE you will find. Without consensus about the role for routine screening of asymptomatic patients, performance measures likely reflect how thoroughly clinicians look for VTE and will not accurately identify the true rate of preventable harm or the quality of care. Process measures (how frequently patients are prescribed and administered risk-appropriate VTE prophylaxis) may be linked with outcome measures (VTE incidence) to estimate the true rate of preventable harm. This strategy may offer more accurate measures of performance and quality and may ultimately serve to improve patient safety. Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects performed by any of the authors.
